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CHAPTER 1 
INTRODUCTION 
Plant cells are considered to be excellent producers of a broad variety of 
organic compounds, the great majority of which do not appear to participate 
directly in growth and development. These substances, traditionally referred to 
as "secondary metabolites" often are differentially distributed among limited 
taxonomic groups within the plant kingdom. Many of these compounds are of 
high economic value such as various drugs, dyes, flavours, insecticides and the 
compounds responsible for fragrances. Based on their biosynthetic origins, 
these natural products of plants can be divided into three major groups, viz. 
(a) the terpenoids (b) the alkaloids, and (c) the phenylpropanoids and allied 
phenolic compounds (Buchanan et al, 2000). Alkaloids are one of the largest 
classes of secondary metabolites. They contain a heterocyclic nitrogen usually 
with basic properties that makes them particularly pharmacologically active. So 
the alkaloid-containing plants were mankind's original "materia medica". 
Many are still in use today as prescription drugs. Moreover, the highly used, 
indole alkaloids which are found mainly in plants belonging to the families: 
Apocynaceae, Rubiaceae and Nyssaceae (Verpoorte et al., 1997). 
Catharanthus roseus (L.) G. Don, known as Madagascar periwinkle 
(locally known as 'Sadabahar'), belongs to the family Apocynaceae and is one 
of the most extensively investigated medicinal plant. Traditionally it was used 
as an oral hypoglycemic agent in the treatment of diabetes mellitus. Later the 
investigations in this direction led to the discovery of two dimeric terpenoid 
indole alkaloids with anticancer activity, viz.. Vinblastine (VLB) and 
Vincristine (VCR) (Noble et al, 1958; Svoboda et al, 1959). Soon after their 
discovery, these dimeric alkaloids became the first natural anticancer agents to 
be clinically used and they have now earned a place among the most valuable 
therapeutic agents used in cancer chemotherapy (Hamburger and Hostettmann, 
1991; Duflos et al, 2002). Additionally, the plant synthesizes a wide range of 
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Terpenoid Indole Alkaloids (TIAs) which are also valued due to their wide 
spectrum of pharmaceutical effects. Of these, ajmalicine, used as an 
antihypertensive, and its oxidation product serpentine, used as sedative are of 
prime important (Van der Heijden et al., 1989; Moreno et al., 1995). More than 
hundred of these alkaloids are distributed in several parts of plant in different 
proportions. Total alkaloid concentration in root amounts 2-3% and reaches 
upto 9% in fibrous roots, whereas leaves contain 1% of alkaloids. The 
anticarcinogenic indoles, vinblastine and vincristine are present in leaves while 
ajmalicine is contained in roots. VLB and VCR occur in very low 
concentrations of 1 g f' and 20 mg t"' of plant material, respectively. 
Today, the agrophysiologists are trying to evolve additional ways to 
break the present yield limits of the existing and newly evolved cultivars to fill 
the gap between productivity and demand. The most feasible, and successfiilly 
adopted technique is the application of dilute, aqueous solution of Plant Growth 
Regulators (PGRs) to the standing plant at an appropriate stage of growth that 
may be applied together with the routine application of insecticide/pesticide to 
cut short the cost of the spray. These growth regulators are known to enhance 
the physiological efficiency of the cells and thus, exploit the genetic potential 
of plant to a large extent. Some of these regulators are known to enhance the 
rate of photosynthesis and N-fixation, delay leaf senescence that finally result 
in a better harvest index. Furthermore, several of these PGRs also affect the 
secondary metabolism of plants and thus can alter or ameliorate the alkaloid 
production (Srivastava and Srivastava, 2007). 
Keeping this in mind, it was decided to conduct a pot experiment to test 
whether the dilute aqueous spray of any or some, out of various PGRs (lAA, 
IBA, NAA, BAP, KIN, TDZ, GA3, SA, HBR and TRIA) could prove optimum 
for the responsiveness of two common cultivars of periwinkle namely 'rosea' 
and 'alba'. 
L^kapter2 
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CHAPTER! 
REVIEW OF LITERATURE 
2.1 Plant Growth Regulators (PGRs) 
A plant growth regulator is an organic compound, either natural or 
synthetic, that modifies or controls one or more specific physiological 
processes within a plant. If the compound is produced within the plant it is 
called a plant hormone. Plant hormones or phytohormones are other than 
nutrients, synthesized at specific site/s and transported to other tissues where in 
very low concentrations evoke specific biochemical, physiological and/or 
morphological responses. They are active both at the site of their synthesis and 
at remote places. 
The plant hormones play extremely important role in the integration of 
developmental activities. They are also very much concerned with the response 
of plants to the external physical environment. These factors often exert 
inductive effects by evoking changes in hormonal metabolism and/or their 
distribution within the plant (Moore, 1989). 
2.2 Types of PGRs 
Earlier, major lines of investigations led to the characterization of the 
following five groups of classical plant hormones (auxin, gibberellins, 
cytokinin, abscisic acid and ethylene). It is now superseded by a view that 
various other molecules, remotely related with the above hormones, have 
varied important roles in the regulation of plant activities that includes 
brassinosteroids, salicylates, jasmonates and triacontanol. 
2.2.1 Auxins 
Thimann (1969) defined "auxins" as organic substances which at low 
concentrations (<0.001 M) promote grov^h (cell enlargement) along the 
longitudinal axis, when applied to shoot of plants freed as far as possible from 
their own inherent growth promoting substances, and inhibit the elongation of 
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Fig.l. Structural formulae of lAA, IBA and NAA. 
roots. Indole-3-acetic acid (lAA) (Fig.l) is the natural form of auxin present in 
majority, of the plants and is the first, among the hormones, to be 
characterized. Besides, lAA, the other auxins e.g. indole-3-butyric acid (IBA) 
(Fig.l)(Schneider et al., 1985; Epstein et ai, 1989), phenyl acetic acid (Leuba 
and Le-Tomeau, 1990) and chloroindole acetic acid (Engvild, 1986) have also 
been identified in leaves/seeds of some plants. The best known synthetic auxins 
are naphthalene acetic acid (NAA) (Fig.l), 2,4-dichlorophenoxy acetic acid 
(2,4-D), 2;4,5-trichlorophenoxy acetic acid (2,4,5-T) and 2-methyl-4-
chlorophenoxy acetic acid (MCPA). 
2.2.2 Gibberellins 
Gibberellins are defined as compounds having an ent-gibberellane 
skeleton and biological activity in stimulating cell division or cell elongation or 
both, or such other biological activity as may be specifically associated with 
this type of naturally occurring substance (Paleg, 1965). Of the 136 naturally 
occurring GAs (MacMillan, 2002), that have been identified to date, in plants 
or fungi, relatively few are thought to possess intrinsic biological activity. GA3 
(Fig.3) is the first widely available active form of commercial gibberellins. 
However, the other recognized bioactive gibberellins are GAi, GA4 and GA7. 
2.2.3 Cytokinins 
Cytokinins are a class of plant hormones active in promoting cell 
division, and are also involved in cell growth, differentiation, chloroplast 
maturation, senescence and other physiological processes. Their effects were 
first discovered through the use of coconut milk in the 1940s by a scientist at 
the University of Wisconsin-Madison named Folke Skoog. 
There are two kinds of cytokinins, adenine-type cytokinins including 
kinetin (Fig.2), zeafin and 6-benzylaminopurine (BAP) (Fig.2) and phenylurea-
type cytokinins like diphenylurea or thidiazuron (Fig.2). Adenine type 
cytokinins are synthesized in stems, leaves and roots, but the root is the major 
site. The ratio of auxin to cytokinin is crucial during cell division and the 
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Fig.2. Structural formulae of BAP, Kinetin and Thidiazuron 
differentiation of plant tissues and auxin is known to regulate the biosynthesis 
of cytokinin. 
2.2.4 Salicylates 
Salicylates are a class of plant hormones having activity similar to that 
of salicylic acid (SA) (Fig.3), which is a plant phenolic compound. SA is 
widely distributed in the plant kingdom, so far it has been identified in more 
than 34 species (Arteca, 1997). Salicylic acid has an effect on a number of 
plant processes. Flowering, heat production in thermogenic plants and 
promotion of disease resistance are the processes where, it plays a major role 
(Arteca, 1997). 
2.2.5 Brassinosteroids 
Brassinoseroids (BRs) (Fig.3) is a novel group of phytohormones which 
were primarily extracted from the pollen of Brassica napus (Mitchell et al, 
1970). BRs are present in low concentrations in pollens, seeds and young 
vegetable tissues, throughout the plant kingdom (Arteca, 1997). Microchemical 
and molecular genetic analysis proved their essentiality in diverse 
developmental programmes, including cell expansion, vascular differentiation, 
etiolation and reproductive developments (Clouse and Sasse, 1998). Moreover, 
the research conducted on some plants has given convincing evidences that 
brassinosteroids are essential for normal plant growth (Li and Chory, 1999). 
2.2.6 Triacontanol 
Triacontanol (TRIA) (Fig.3) is a natural component of plant epicuticular 
waxes, and its potential growth promoting property was first identified by Ries 
et al. (1977). TRIA has been found to enhance the growth and yield of many 
important cereals, vegetables, horticultural, medicinal and oil crops. Growth 
promoting effects of TRIA are associated with increased protein content, water 
and element uptake and photosynthetic CO2 uptake. Studies till now on 
triacontanol have concentrated on physiological aspects of crops leading to 
effects on components of yield. 
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Fig.3. Structural formulae of GA3, HBR, Salicylic Acid and Triacontanol. 
2.3 Effect of PGRs on the responsiveness of plants 
Mainly, there are two major classes of factors that interact and influence 
the pattern of plant development. The first and the most important is the 
endogenous hormones, which establish a coordination among various organs 
and tissues for their definite growth and different metabolic activities. The 
second group of factors exits outside the plant (i.e., the environment) that may 
determine their orientation, physiology and productivity (Salisbury and Ross, 
1992). The exogenous application of plant growth regulators is one of theses 
factors. 
2.3.1 Growth response 
Shoot apical meristems and young leaves are the primary sites of auxin 
synthesis (Ljung et al., 2001). Thimann (1977) believed that exogenously 
applied auxin have no appreciable effect on the elongation growth of intact 
plants. However, the application of auxin to Pisum sativum (Hal et al., 1985; 
Mckay et al., 1994) and/or Vicia faba (Cline, 1996) and Solanum tuberosum 
(Kalib, 1992) promoted shoot elongation. Moreover, other plant growth 
regulators (viz., NAA, IB A, kinetin and TRIA) also enhanced the shoot growth 
in Moms alba (Setua et al., 1998) and Cymbidium aloifolium (Buzarbarua, 
1999). NAA increased plant height and grain yield followed by lAA treatment 
in Pennisetum typhoides (Rangacharya and Bawankar, 1991). Shah (2007) 
reported that, the effect of KESf spray on black cumin enhance the shoot length 
including leaf number, leaf area and branch number at 80 DAS stage. 
Cytokinin activity of TDZ was demonstrated for the first time by Mok et al. 
(1982) on the growth of cytokinin-dependent callus tissue of Phaseolus 
lunatus. TDZ in medium showed highest percentage of shoot induction and 
larger number of shoot than other growth regulators in sugarcane 
(Chengalrayan and Gallo-Meagher, 2001). Previously it was reported that there 
is a continual effect of gibberellic acid (GA3) on Catharanthus roseus L. plant 
phenotype (Srivastava and Srivastava, 2007). Earlier studies have reported that 
GA3 application (at 50, 100 and 500 g m"^ ) as foliar spray on transplanted 
cutting of Catharanthus roseus L. increased plant height (Sadowska et al., 
1984). Gibberellins (GA3) increased shoot length by increasing their rate of 
elongation in majority of the plants, including Brassica campestris (Pressman 
and Shaked, 1991), Silence armerea (Talon and Zeevert, 1990), Trigonella 
foenum-gmcQum L. (Anand and Sharma, 1998) and red sanders 
(Venkataramaiah and Swamy, 1981). Salicylic acid (SA) is reported to cause 
an increase is shoot and root growth (Gutierrez-Coronado et al., 1998; 
Metwally et al., 2003; Khodary, 2004). However, foliar application of salicylic 
acid and acetyl salicylic acid to soybean and com plants did not affect plant 
height and root length, but showed an increase in leaf area (Khan et al., 2003). 
Brassinosteroids in association with other hormones (GA3) increased shoot 
mass and length of spinach plants (Liang et al., 1998). Similarly synthetic 
brassinosteroids interacted with lAA and GA3 exhibiting auxin mediated 
elongation in Cucumis sativus L. 24-epibrassinolide (EBR) alone enhanced the 
plant weight, root and shoot lengths, their fresh and dry mass in chickpea 
(Singh et al, 1993) and in groundnut (Vardhini and Rao, 1998). 
Root elongation of Arabidopsis thaliana is enhanced by exogenous 
application of auxin at low concentrations, but is inhibited at high 
concentration (Evans et al., 1994). The elongation of the primary root is 
inhibited by auxin concentrations greater than 10"^  M, however the initiation of 
lateral (branch) roots and adventitious roots is stimulated by lAA (Vemoux et 
al, 2000). The root inducing capability in stem cutting by lAA is well 
documented (Zeedan and Macleed, 1984). Many investigations have shown 
that IBA has a greater ability to promote adventitious root formation in 
comparison to lAA (Spethmann and Hamzah, 1988; Riov, 1993; De Klerk et 
al., 1999; Ludwig-Muller, 2000). IBA is one of the most widely used rooting 
promoters (David, 1986). Where, both IBA and NAA used to stimulate 
adventitious rooting in douglus fir stem cutting (Proebsting, 1984). In case of 
woody plant, like teak stem cutting IBA was more effective than NAA (Husen 
and Pal, 2006). The auxin, in combination with NAA (Shirol and Patil, 1995 or 
kinetin (Buzarbarua, 1999) induced more roots per cutting in Bougainvillea, 
Ixora singaporensis and Combidium aloifolium respectively. Debi et al. (2005) 
reported the effect of cytokinin on lateral root initiation and elongation in rice. 
In case of pea plant, GA3 increased root elongation (Tanimoto et al., 1995) and 
in case of Lupinus albus, GA3 treatment increased the length of main root but 
suppressed the growth of secondary roots (Sidiras and Karsioti, 1996). 
It is well recognized that indole-3-acetic (lAA) plays a key role in the 
regulation of plant growth and development (Moore, 1989; Davies, 1995) 
including other naturally occurring auxins like IBA, 4 Cl-IAA (Normanly et 
al., 1995; Normanly, 1997). KIN was reported to be the most important 
senescence retarding plant hormone (Faiss et al., 1997). TDZ is a registered 
defoliant inducing abscission of green and turgid leaves of cotton to facilitate 
picking of bolls (Amdt et al., 1976). The response of TDZ in the formation of 
branched trichomes and stomata on floral organ in Arabidopsis was reported 
(Venglat and Sawhney, 1993). SA is reported to cause an increase in root and 
shoot growth (Gutierrez-Coronado et al., 1998; Metwally et al., 2003; 
Khodary, 2004). The HBR increased plant fresh and dry mass in mustard 
(Hayat et al, 2000, 2001) and mung bean (Fariduddin et al, 2004, 2005). 
Studies have shown that triacontanol (TRIA) applied either to the root medium 
or to the leaves as a foliar spray, enhanced both the growth and the yield of 
vegetables and cereal crops (Ries et al, 1977, 1978). An increase in dry matter 
production was reported in fenugreek by NAA (Alagukannan and 
Vijayakumar, 1999) and GA3 (Anand and Sharma, 1988). Folair spray of 
salicylic acid increased the fresh as well as dry weight of Phaseolus vulgaris 
and Brassica juncea (Fariduddin et al., 2003). Fariduddin (2005) also reported 
that HBR increases plant fresh and dry mass on same {Brassica jucnea) plant. 
An increase in dry weight by the application of TRIA has been assumed as the 
result of the increased photosynthetic activity and the accumulation of 
photosynthates (Haugstad et al, 1983). 
The exogenous application of KIN stimulates leaf area expansion 
(Pospisilova et al., 2000), accumulation of chlorophyll as well as dry matter 
production (Davies, 1995). GA3 + KIN increases leaf area, specific leaf area 
and herb yield in Japanese mint (Hashmi, 2003). GA3 was reported to increase 
dry matter and leaf area index (LAI) in mustard plant (Khan, 1996). Whole rice 
and maize plants respond to TRIA application within 10 min (Ries and Houlz, 
1983). The response of whole plants has been characterized by increases in dry 
weight, leaf area and level of reducing sugars, amino acids, soluble proteins 
and total nitrogen (Ries, 1985). 
2.3.2 Metabolic response 
Kumar et al. (2001) reported that lAA, GA3 and BAP counteracted the 
effect of water deficit on net photosynthetic rate (PN), transpiration rate (E) and 
stomatal conductance (gs) in water stressed cotton. NAA increases total 
chlorophyll content in Arachis hypogea (Meyyappan et al., 1991) and also LAI 
and photosynthesis (Grewal and Gill, 1986) in Oryza sativa with nitrogen basal 
dose. The cytokinins may be employed to improve photosynthetic rate 
(Chemyad'ev, 1993, Metwally, 1997) as it regulates the content of chlorophyll 
and the activity of RuBPCO (Chemyad'ev 1994, Singh et al, 2001). 
Application of 6-BAP and TDZ to Beta vulgaris, Pisum sativum and Festuca 
pratensis improved their net photosynthetic rate (Chemyad'ev, 1994). The 
application of BAP to wheat stabilized the shape of the chloroplast (Sun et al, 
1998). Kinetin can be implicated in developmental process and environmental 
responses of plants, including leaf senescence, apical dominance, chloroplast 
biogenesis, anthocyanin production and the regulation of cell division and sink 
source relations (Hutchinson et al, 2000). In addition, KIN is also known to 
have a direct effect on many determining photosynthetic parameters (Synkova 
et al, 1997). Rice (Ray et al, 1983), potato (Ghosh and Biswas, 1991) and 
black cumin (Shah, 2007) treated with kinetin possessed higher chlorophyll 
level in their leaves. KIN increased photosynthetic rate (PN) in Vigna radiata 
(Fariduddin et al, 2004). GA3 to rice {Oryza sativa) leaves decreases the 
chlorophyll content (Prakash and Prathapasenang, 1990; Singh, 1996) but had 
mixed effect on plastid development (Sunqvist et al, 1990; Bishnoi and 
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Krishnamoorthy, 1992). GA3 in association with BR to spinach enhanced 
photosynthetic rate (Liang et ai, 1998). Salicylic acid treatments resulted in 
stimulation of photosynthetic machinery in soybean (Leslie and Romani, 1988; 
Zhao et ai, 1995). A sixty day old Brassica juncea plant when sprayed with 
lO'^ M salicylic acid possessed the higher photosynthetic rate than the control 
(Fariduddin et al, 2003). Yu et al. (2004) reported an increase in total 
chlorophyll content, Rubisco activity, rate of photosynthesis and the content of 
soluble protein in Cucumis sativus by the effect of HBR. Chen et al. (2003) 
reported biochemical and photochemical evidence for the effect of TRIA on 
photosynthesis. In maize plant, photosynthesis was inhibited by TRIA (Eriksen, 
1981). 
The level of the major electrolytes (N, P and K) was significantly 
affected by the application of various hormones to the plants. lAA alone 
(Nandwal et al, 1981) or in association with IBA (Basak et al, 1995) or NAA 
(Meena and Goswami, 1992) increased the nitrogen contents in Pisum sativum. 
Mangroves and Cajanus cajan, respectively, GA3 alone or in combination with 
Ni-(2-chloro-4-pyridyl)-N2 phenylurea(4-PU-30) increased the total nitrogen 
content in the leaves ofZea mays (Stefano et al, 1998). A decline in N content 
was recorded with salicylic acid application (Singh and Usha, 2003). However 
Sivakumar et al. (2001 and 2002) observed that application of 100 ppm SA 
increased uptake of nitrogen in pear-millet. Knowles and Ries (1981) observed 
apparent total N increases in rice and com plants with the application of TRIA. 
Growth regulators also affected the contents of P and K in different plant 
parts (Saimbhi et al., 1975; Jeyabal and Kuppuswamy, 1998). The application 
of NAA, cytozyme (cytokinin + auxin + amino acid chelated minerals), CCC, 
triacontanol and GA3 to the leaves of pea plant (Shende et al, 1987) and GA3 
or ethrel to Narcissus tazetta (El-Sallami, 1997) increased the phosphorus 
content of the plant, GA3 (25 ppm) proved best. GA3 showed same result in 
case of K uptake (Luis and Guardiola, 1981). Moreover, the application of lAA 
to the seed or the leaves at the later stage of growth (tillering or heading), 
elevated the level of P and K of the grain of Triticum aestivum (Hegazi et al.. 
u 
1995). An increase in P contents was observed in barley by El-Tayeb (2005) 
and in wheat by Zhang et al. (1999) when salinized plants were exposed to 
salicylic acid treatment. 
Nitrate reductase (NR) is a substrate inducible enzyme (Afridi and 
Hewitt, 1959). The level of NR is not only influenced by its inducer (nitrate) 
but also by other factors including light (Cardenas-Nevarro et al, 1999; Singh 
et al, 1999) and plant hormones (Elliot and Peirson, 1980; Prakash and 
Kapoor, 1984; Hayat et al, 2000). Ahmad (1988) reported a sufficient increase 
in nitrate content, induced both by lAA and IBA, but the later proved superior. 
IB A induced nitric oxide (NO) production was recently reported in Arabidopsis 
thaliana (Kolbert, 2008). NR, associated during lateral root development was 
also reported by same. The application of auxin and/or gibberellin to the plants 
of Pisum sativum elevated the level of nitrate, where the former was more 
effective (Zholoback, 1985). The activity of NR was also favoured by kinetin 
in Leucaena leucocephala (Pandey and Srivastava, 1995), Brassia juncea 
(Chanda et al., 1998). Induction of nitrate reductase activity by the action of 
TDZ was reported in red silver hybrid maple (Kerns and Meyer, 1986). ABA in 
association with GA increased the NR activity in the roots of Chicorium 
intybus (Goupil et al., 1998) and in all the plant parts of Solarium tuberosum 
(Palmer, 1985). BR increased the NR activity in rice (Mai et al, 1989), Maize 
(Shen et al, 1990), chickpea (Singh et al, 1993) and wheat (Hayat et al, 
2001). NR activity was also reported to increase by TRIA (Kumaravelu, 2000). 
The cytokinins may be employed to increase in activities of nitrate 
reductase (Roa et al, 1984, Saxena and Saxena, 2002) and carbonic anhydrase 
(Braun and Wild, 1984, Suginarto et al, 1992). An increase in the activity of 
CA in the leaves could be attained by the application of GA3 (Khan et al, 
1996) and homobrssinolide (Hayat et al, 2000, 2001) to the shoot of the 
plants. 
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2.3.3 Yield response 
An increase in biological yield was recorded in Lolium speciosum (Shafi 
and Khan, 1992; Park, 1996) and Gossypium barbadense L. (Sawan et al., 
1988) by the foliar application of the plants with lAA, IBA and/or NAA. NAA 
@ 100 ppm increased primary and secondary branches, highest pod number 
and grain yield in pigeon pea (Vikhe et al., 1983) and @ 25 ppm increased pod 
number per plant in chickpea (Bangal et al., 1982). Amoros et al. (2004) 
reported NAA to increase both fruit size and total yield in loquat fruit. 
Cytokinins have been shown to enhance pod set when applied directly to 
individual racemes in soybean (Dyer et al., 1987) and mungbean (Clifford, 
1981). However, the application of BAP increased both, total seed weight and 
pod number (Clifford et al., 1992; Crosby et al., 1981; Peterson et al., 1990; 
Schroeder, 1984). Where Gupta (2003) did not observe any increase in grain 
number by BAP injection to wheat stems. Kinetin showed best result on grain 
filling than others when Oryza sativa L. cv. Jaya was treated with lAA, GA3 
and KIN (Ray and Choudhury, 1981). Farooqi et al. (1996) reported both KIN 
and GA3 to increase herbage and leaf yield @ 20 mg/L and oil content and 
yield @ 10 mg/L. The responses of TDZ to increase clustering and berry 
weight in grapes were reported (Reynolds et al., 1992). The foliar spray of GA3 
(20 ppm) and cycocel (500 ppm) improved yield in Abelmoschus esculentus 
(Rehman et al, 1994). Moreover, the application of lAA and/or GA3 increased 
the yield of Trigonella foenum graecum, where GA3 alone proved best (Doore 
and Bharud, 1990). Exogenous application of salicylic acid increases in yield 
and number of pods per plant has been observed in mungbean (Singh and Kaur, 
1980; King and Meyer, 1983). It was further suggested that the application of 
SA (5 ppm) might be useful for improving crop growth, yield and nutritional 
quality of green gram (Sing and Awasthi, 1998). Brassinosteroids with or 
without BAP, GA3 and KIN enhanced 1,000 seed weight in rice (Krishnan et 
al, 1999). Past decades have witnessed much success in increasing the yield of 
food corps and vegetables with TRIA. For example, a 16% increase was 
achieved in rice (Kowashima et al, 1989), 12% in winter wheat, and 20% in 
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maize (Ries, 1985). Similar reports are also available for other species, such as 
lemongrass (Misra and Srivastava, 1991), Pennisetum plystochyoen 
(Muthuchelian et al, 1990) and green gram (Kumaravelu et al, 2000). 
2.3.4 Quality 
Lovkova et al. (2005) observed the effect of various elements, natural 
and synthetic auxins, cytokinins, and gibberellin on biosynthesis and 
accumulation of indole alkaloids in Madagascar periwinkle seedlings 
{Catharanthus roseus L.). Zn and auxin were shown to modulate various stages 
in the biosynthesis of monomeric indole alkaloids (catharanthine and 
vindoline). However, when the transgenic cell line of Catharanthus roseus . G. 
Don SIO was used to study the effect of the presence of the synthetic auxin 
NAA and 2,4-DPA in the culture medium on the accumulation of terpenoid 
indole alkaloids, NAA showed lower levels of alkaloid accumulation and 2,4-
DPA repressed secondary metabolism (Whitmer et al, 1998). Where, the 
inclusion of lactose as the carbohydrate source, and NAA and kinetin as growth 
regulators increased yields of the indole alkaloid catharanthine (Smith et al, 
1987). GA treatment on Catharanthus roseus L. produced negative phenotypic 
response in total biomass production but positive response in content of total 
alkaloids in leaf, stem, and roots (Srivastava and Srivastava, 2007). Foliar 
spray of GA3 enhanced the ajmalicine production, was also observed (Abdul 
Jaleel et al., 2007) in periwinkle. Salicylic acid treatment increased the 
production of serpentine and tabersonine, and higher concentration of SA 
induced vindoline accumulation in Catharanthus roseus seedlings (El-Sayed 
and Verpoorte, 2004). 
Materials and Methods 
CHAPTER 3 
MATERIALS AND METHODS 
To achieve the aims and objectives framed in chapter 1, a factorial 
randomized design pot experiment was conducted during the 'Rabi' (winter) 
season of 2006-07, to investigate the effect of various plant growth regulators 
(PGRs) i.e., lAA, IBA, NAA, BAP, KIN, TDZ, GA3, SA, HBR and TRIA, 
respectively on the performance of two common cultivars of periwinkle 
{Catharanthus roseus L.), namely 'rosea' and 'alba'. The pot experiment was 
conducted in the net house of the Department of Botany, Aligarh Muslim 
University, Aligarh. The details of agro-climatic conditions, soil analyses of the 
experimental pots and the techniques and procedures employed in this regard 
are given below. 
3.1 Agro-climatic conditions 
Aligarh, is a town of western Uttar Pradesh (North India) and is located 
130 km east of Delhi at 27°52' N latitude, 78°51'E longitude and is 187.45 m 
altitude above sea level. It has semi-arid and subtropical climate, with severest 
hot dry summers and intense cold winters. The winter extends from the middle 
of October to the end of March. The mean temperatures for December and 
January, the coldest months, are about 15°C and 13°C, respectively. The 
extreme minimum recorded for any single day is 2°C and 0.5°C respectively. 
The summer season extends from April to June and the average temperature for 
May is 34.5°C and 45.ST, respectively. 
The monsoon extends from the end of June to the middle of October and 
temperature ranges between 26''C to 30°C. The mean annual rainfall is about 
847.3 mm. More than 85% of the total down pour is delivered during a short 
span of four months from June to September. The remaining showers are 
received during winter. Winter season ranges between 56% and 77% with an 
average of 66.5%. In the summer, it ranges between 37% to 49%) with an 
average of 43%. Whereas, in the monsoon season, the R.H. ranges between 
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63% and 73% with an average of 68%. The metrological data were recorded 
during the investigation period at the Meteorological Observatory, Department 
of Physics, Aligarh Muslim University, Aligarh. Aligarh district has the same 
soil composition and appearances as those found generally in the plains of 
Uttar Pradesh. Different types of soils, such as sandy, loamy, sandy-loam and 
clay-loam are found in the district. 
3.2 Soil analysis 
Prior to transplanting, soil samples were collected randomly from 
different pots for the analysis of the soil characteristics. The samples were 
analyzed in the soil testing Laboratory, Goveniment Agriculture Farm, Quarsi, 
Aligarh. The physico-chemical properties of soil are given in Table 1. 
3.3 Preparation of pots 
Prior to transplanting, a 5.0 kg homogenous mixture of soil and cow 
dung manure in the ratio of 5:1 was filled in the earthen pots of 10" size. These 
filled pots were arranged according to the simple randomized complete block 
design of the experiment in the net house, Department of Botany, AMU, 
Aligarh. 
3.4 Seedling 
The healthy seedlings of two cultivars of periwinkle were collected from 
nursery, Aligarh. Healthy seedlings of uniform size were selected for 
transplanting and one seedling was maintained in each pot. 
3.5 Experiment 1 
Experiment 1 was conducted during the winter season of 2006-07, on 
Catharanthus roseus L. The aim of this experiment was to find out the best 
PGR, among the various plant growth regulators and the cultivar also in terms 
of growth, physiological and biochemical, yield and quality parameters under 
the agro climatic conditions of Aligarh, western Uttar Pradesh. The experiment 
was conducted according to a factorial randomized design. Healthy seedlings 
of uniform size were selected and transplanted in each pot. Transplanting was 
Table 1. Physico-chemical characteristics of soil sued for Experiment 1. 
Characteristics Experiment I 
Texture Sandy loam 
pH(l:2) 7.3 
Conductivity (E.C. (1:2) m mhos/cm) 0.48 
Available nitrogen (mg N per kg soil) 98.46 
Available phosphorus (mg P per kg soil) 6.98 
Available potassium (mg K per kg soil) 142.9 
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done in the pots on 2"^* March, 2007. Before transplanting, a uniform basal 
doses of nitrogen, phosphorus and potassium were given at the rate of 15, 25 
and 25 kg per ha, respectively. The plants were kept free from weeds and 
irrigated as and when required. The plants were sprayed with deionized water 
(control) or 10^ ^ M each of lAA, IB A, NAA, BAP, KIN, TDZ, GA3, SA, HBR 
and TRIA at 60 days after planting (DAP). The PGRs were sprayed regularly at 
intervals of 20 days. In this experiment, three plants were sampled at fhiiting 
stage (150 DAP). Yield parameters were recorded at the time of harvest (210 
DAP). ' 
3.6 Sampling technique 
Three plants from each treatment were sampled randomly to assess the 
growth, physiological and biochemical and quality parameters at fruiting stage 
and yield parameters were analyzed at the time of harvest. The parameters 
recorded are listed below. 
3.6.1 Growth parameters 
1. Shoot and root length 
2. Shoot and root fresh weight 
3. Shoot and root dry weight 
4. Leaf-area index 
3.6.2 Physiological and biochemical parameters 
5. Total chlorophyll content 
6. Total carotenoids content 
7. Net photosynthetic rate 
8. Carbonic anhydrase (CA) activity in fresh leaves 
9. Nitrate reductase (NR) activity in fresh leaves 
10. Leaf-N, P and K contents 
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3.6.3 Yield and quality parameters 
11. Number of pods per plant 
12. Number of seeds per pod 
13. 100-seed weight 
14. Seed-yield per plant 
15. Alkaloid content in dried leaves and roots 
3.6.1.1 Shoot and root length 
The length of shoot and root of each plant from each treatment was 
measured separately with the help of a meter scale. 
3.6.1.2 Shoot and root fresh weight 
At 150 DAP, three plants from each treatment were uprooted carefully 
and washed with running tap water to wipe off all adhering foreign particles. 
They were soaked thereafter using blotting sheets. The fresh weight of shoot 
and root of each plant from each treatment was determined separately using an 
electronic balance. 
3.6.1.3 Shoot and root dry weight 
The shoot and root of each plant from each treatment were dried in a hot 
air oven at SO^ C for 24 hours to record the dry weight. 
3.6.1.4 Leaf area index 
Leaf area index was determined by using following formula suggested 
by Watson (1947). 
Leaf area per plant 
LAI= 
Area occupied by plant 
Physiological and biochemical parameters were determined, using the 
following methods. 
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3.6.2.1 Total chlorophyll content 
Total chlorophyll content was estimated in fresh leaves collected from 
each treatment at 150 DAP by the method of Amon (1949). One hundred mg 
fresh tissue from interveinal areas of leaves was ground using a mortar and 
pestle in 10 mL of 80% acetone (Appendix). The suspension was filtered 
through Whatman filter paper No. 1 and the filtrate was collected in a 
volumetric flak. Optical Density (OD) was recorded at 645 and 663 nm using a 
spectrophotometer (Spectronic 20D*, Milton Roy, USA). The total chlorophyll 
content was expressed as mg g'' FW and calculated using the following 
formula 
Total chlorophyll (mg g ' FW) = 20.2 x (OD 645) + 8.02 x (OD 663) 
3.6.2.2 Total carotenoids content 
The procedure for the preparation of solution was same as that of 
chlorophyll content estimation. The filtrate sample was recorded at 480 and 
510 nm using a spectrophotometer for carotenoids estimation. The total 
carotenoids content were calculated using the following formula. 
V 
Carotenoids content (mg g"' FW) = 7.6 x (OD 480) - 1.49 x (OD 510) x 
dxFWxlOOO 
Where, 
OD = Optical density of the extract at given wavelength (viz. 645, 
663,480 and 510 nm) 
V = Final volume of chlorophyll extract in 80% acetone 
F W = Fresh weight of leaves (g) 
d = Length of the path of light (1 cm) 
3.6.2.3 Net photosynthetic rate 
Net photosynthetic rate was observed on clear days at 11.00 A.M. on fiilly 
expanded leaves of Catharanthus roseus L. using an IRGA (Infra Red Gas 
Analyzer, LICOR 6200 Portable Photosynthesis System, Nebraska, USA). The 
This equipment was used for all spectrophotometric analysis presented in this Dissertation. 
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IRGA was calibrated and zero was adjusted approximately every half hour 
during the measurement period .The fully expanded leaves were enclosed in a 
one-liter gas exchange chamber for 60 seconds. These measurements were 
recorded three times in each treatment. Net photosynthetic rate is expressed as 
molCOakg-'leafFWs-'. 
3.6.2.4 Carbonic anhydrase (CA) activity 
The carbonic anhydrase activity in fresh leaves was analyzed using the 
method described by Dwivedi and Randhawa (1974). 
The fresh leaf samples were cut into small pieces at a temperature below 
25''C. Two hundred mg of these pieces were weighed and transferred to petri 
plates. The leaf pieces were taken in 10 mL of 0.2M cystein hydrochloride 
(Appendix) and left for 20 minutes at 4°C. The leaf pieces were blotted and 
transferred to a test tube containing 4 mL of phosphate of pH 6.8 (Appendix). 
To the test tube, 4 mL of 0.2M sodium bicarbonate solution (Appendix) and 0.2 
mL of 0.002% bromothymol blue (Appendix) was added. The test tubes were 
shaken gently and left for 20 minutes at 4°C. CO2 liberated by the catalytic 
action of CA on NaHCOs was estimated by titrating the reaction mixture 
against 0.05N HCl (Appendix) using methyl red (Appendix) as indicator. In 
each sample, the quantity of HCl used to neutralize reaction mixture was noted 
and difference was calculated. A blank consisting of all the above components 
of reaction mixture, except the leaf sample, was run simultaneously with each 
set of the samples. The activity of CA was calculated by putting the values in 
the following formula: 
V X 22 xN 
-1 /i„„f>T7Tir\ a-h [mol (CO2) kg-' (leaf FW) S"'] 
W 
Where, 
V = Difference in volume (mL of HCl used in control and test 
sample titration) 
22 = Equivalent weight of CO2 
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N = Normality of HCl 
W = Fresh weight of tissue in grams 
3.6.2.5 Nitrate reductase (NR) activity 
The activity of nitrate reductase in fresh leaves collected from each 
treatment was estimated by the method of Jaworski (1971). 
The leaves were cut into small pieces (1 cm^). Two hundred mg of these 
chopped leaves were weighed and transferred to plastic vials. To each vial, 2.5 
mL of phosphate buffer pH 7.5 (Appendix) and 0.5 mL of potassium nitrate 
solution (Appendix) were added followed by the addition of 2.5 mL of 5% 
isopropanol (Appendix). These vials were incubated in BOD incubator for 2 
hours at 30±2°C in the dark. 0.4 mL of incubated mixture was taken in at test 
tube to which 0.3 mL each of sulphanilamide solution (Appendix) and NED-
HCl (appendix) were added. The test tubes were left for 20 minutes for 
maximum colour development. The mixture was diluted to 5 mL by adding 
double distilled water (DDW). The OD was recorded at 540 nm using a 
spectrophotometer. 
A blank was run simultaneously with each set of determination. 
Standard curve was plotted by using known graded concentration of NaNOi 
(sodium nitrite) solution. The OD of each sample was compared with that of 
calibration curve of sodium nitrite and nitrate reductase activity expressed as 
nMN02'g''FWh'V 
3.6.2.6 Leaf-N, P and K contents 
The leaf samples from all the plants were collected at their fruiting stage 
(150 DAP) for assessing the N, P and K contents. The leaves were dried in hot-
air oven at 80°C for twenty four hours. Dried leaves were powdered and the 
powder was meshed using a 72 mesh. The powder was labeled and stored in 
small polythene bags for the chemical analysis. The same leaf-powder was 
used for the estimation of nitrogen, phosphorus and potassium contents. 
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3.6.2.6.1 Digestion of leaf powder 
One hundred mg of oven-dried leaf powder was carefully transferred to 
a digestion tube and 2 mL of AR Grade concentrated sulphuric acid was added 
to it. It was heated on a temperature controlled assembly for about two hours to 
allow complete reduction of nitrates present in the plant material. After heating, 
the contents of the tube turned black. It was cooled for about 15 minutes at 
room temperature and then 0.5 mL 30% hydrogen peroxide (H2O2) was added 
drop by drop. The solution was heated again till the colour of the solution 
changed from black to light yellow. Again after cooling for about 30 minutes, 
additional 3 to 4 drops of 30% H2O2 were added, followed by reheating for 
another 15 minutes. The addition of H2O2 followed by heating was repeated 
until the contents of the tube turned colorless. The peroxide digested material 
was transferred from the tube to a 100 mL volumetric flask with three washings 
of DDW. The volume of the volumetric flask was then made up to the mark 
(100 mL) with DDW. This aliquot was used to estimate N, P and K contents. 
The details of methods used for the analysis of these elements are given below 
separately. 
3.6.2.6.2 Nitrogen 
Nitrogen was estimated according to the method of Lindner (1944), A 
10 mL aliquot of the digested material was taken in a 50 mL volumetric flask. 
To this, 2 mL of 2.5 sodium hydroxide (Appendix) and 1 mL of 10% sodium 
silicate (Appendix) solutions were added to neutralize the excess of acid and to 
prevent turbidity, respectively. The volume was made up to the mark with 
DDW. In a 10 mL graduated test tube, 5 mL aliquot of this solution was taken 
and 0.5 mL Nessler's reagent (Appendix) was added. The contents of the tubes 
were allowed to stand for 5 minutes for maximum colour development. The 
OD of the solution was read at 525 nm, using the spectrophotometer. The 
reading of each sample was compared with the standard calibration curve to 
estimate the per cent nitrogen content on dry weight basis. The standard curve 
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was plotted using different concentrations of ammonium sulphate solution 
versus O.D. of the solution. 
3.6.2.6.3 Phosphorus 
Phosphorus was estimated according to the method of Fiske and Subba 
Row (1925). A 5 mL aliquot was taken in a 10 mL graduated test tube. To it, 1 
mL molybdic acid (2.5%) was added carefully, followed by addition of 0.4 mL 
l-amino-2-naphthol-4-sulphonic acid (Appendix). When the colour turned 
blue, the volume was made upto 10 mL with the addition of DDW. The 
solution was shaken for five minutes and then transferred to a 
spectrophotometric tube. The OD of the solution was read at 620 nm, using a 
blank. The standard curve was plotted using different concentrations of 
potassium dihydrogen orthophosphate versus OD. The percent phosphorus 
content was determined on the dry weight basis. 
3.6.2.6.4 Potassium 
Potassium content in leaf was analyzed flame photometrically (Hald, 
1946). In the flame photometer, the solution (peroxide digested material) is 
discharged through an atomizer in the form of a fine mist into a chamber, 
where it is drawn in to a flame. Combustion of the elements produces light of a 
particular wavelength [X max for K = 767 nm (violet)]. The light produced was 
conducted through the appropriate filters to impinge upon a photoelectric cell 
that activates a galvanometer. 
The air was supplied through an air pump and LPG (Liquid Petroleum 
Gas) was used for combustion. The chimney of the equipment was removed 
and the gas was ignited using an electric lighter. The final pressure of the two 
gases was adjusted to 15 pounds per inch. When the flame formed sharp blue 
cones, the correct filter was set and DDW was introduced (using a beaker) and 
the galvanometer was set to zero. Then the standard solution of the element 
was sucked through a capillary tube and the galvanometer was adjusted to the 
100 position by using the amplifier. Unless the 0 and 100 points are maintained 
on successive readings, the gas pressure, air-pressure or both were adjusted to 
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bring about a stable position. Thereafter, intermediate standards (i.e. diluted 
solutions of known concentrations between 0 and 100 per cent) were checked 
and a graph was prepared. The relationship between the galvanometer reading 
and the concentration do not appear in a straight line. Rather it appears in a 
curvilinear fashion. Lastly, the samples were run and exact concentration of the 
element was calculated using the graph. A standard curve was prepared, using 
different dilutions of potassium chloride solution versus the reading on the 
scale of the galvanometer. The per cent potassium content was estimated on 
dry weight basis. 
3.6.3.1 Total alkaloid content in leaves/roots 
Total alkaloid content was estimated in leaves and roots of each 
treatment as described by Afaq et al. (1994). The leaves/roots were dried in a 
hot-air oven at 80°C for twenty four hours. The sample was powdered and 
fihered through a 72 mesh screen. Five hundred mg powder of leaves/roots was 
taken in a 100 mL round bottom reflux flask, to this a known volume of ethyl 
alcohol was added. Then the mixture was refluxed for 6 hours. Thereafter, it 
was filtered and a 50 mL of dilute HCl was added and the later on it was 
transferred to a separating ftinnel to which 50 mL of diethyl ether was added. 
This mixture was shaken for 15-20 minutes. The upper diethyl ether layer was 
discarded and the lower water layer was decanted in a beaker and was made 
slightly basic by adding ammonia solution and by checking it with litmus 
paper. The decant was again transferred into a separating funnel with 50 mL of 
diethyl ether layer and was decanted. Again to this decant, anhydrous sodium 
carbonate was added. The mixture was again decanted in a preweighed dry 
porcelain dish and evaporated till dryness and weighed again. 
Total alkaloid content (%) was calculated using following formula: 
WE-WA 
X 100 
WR 
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Where, 
WE = Weight of empty porcelain dishing (g) 
WA = Weight ofporcelain dish after evaporation (g) 
WR = Weight of the powder (g) 
3.6.4. Statistical analysis 
The data of all experiments were analyzed statistically by adopting the 
analysis of variance technique, according to Gomez and Gomez (1984). For the 
F test, the error due to replicates was also determined. When F value was found 
to be significant at 5% level of probability, critical difference (CD) was 
calculated. The models of analysis of variance for the designs employed are 
given in Table 2. 
Table 2. Model of the 'analysis of variance' (ANOVA) for Experiment 1. 
Source of variation Experiment 1 (Factorial randomized design) 
DF SS MSS F 
Replicates (R) 2 
PGR treatment (T) 10 
Cultivars (Cv) 1 
TxCv 10 
Error 42 
Total 65 
L^kapter 4 ip 
Experimental Results 
CHAPTER 4 
EXPERIMENTAL RESULTS 
In a factorial randomized pot experiment, the performances of two 
cultivars with the application of various PGRs were studied on the basis of 
growth, physiological and biochemical, yield and quality parameters. The data 
are described below and summarized in Tables (1-21). 
4.1 Growth parameters 
The effect of PGRs treatment on the two cultivars, cuhivar differences, 
as well as their interactions were found significant on most of the growth 
parameters studied at only one stage, i.e., 150 DAP .The results are described 
below (Table 1-7). 
4.1.1 Shoot length 
On this parameter, treatment GA3 gave highest value. The treatment 
GA3 gave 37.0% higher value than that of control. The effect of GA3 was 
followed by HBR and SA. 
Cultivar 'rosea' produced the taller plants than cultivar 'alba'. Cultivar 
'rosea' exhibited 3.5% increase in plant height than 'alba'. 
The effect of interaction on shoot length was not significant (Table 1). 
4.1.2 Root length 
Treatment lAA registered highest value on this parameter, lAA gave 
43.1% higher value than the control which gave the lowest value. The effect of 
lAA was followed by IBA and NAA. 
Cultivar 'rosea' showed the superior response over 'alba'. The cultivar 
'rosea' showed 32.6% higher value of root length than that of 'alba'. 
Interaction IBA x'rosea' proved best and increased root length by 
85.0% over control x'alba' which gave the lowest value . The former value was 
followed by lAA x'rosea' (Table 2). 
Table 1. The effect of various plant growth regulators at lO'^ M 
concentration on shoot length (cm) on two common cultivars of 
Catharanthus roseus L. at 150 DAP. 
Treatments (T) 
Control 
lAA 
IBA 
NAA 
BAP 
KIN 
TDZ 
GA3 
SA 
HBR 
TRIA 
Mean 
CD at 5% level 
Cultivars (C) 
'rosea' 
53.50 
63.00 
62.50 
56.50 
57.00 
61.00 
59.50 
74.50 
66.50 
68.00 
65.00 
62.54 
1=1.35 
'alba' 
52.00 
60.50 
62.00 
53.00 
57.00 
59.00 
56.00 
70.00 
65.00 
66.50 
63.50 
60.41 
C = 0.57 
Mean 
52.75 
61.75 
62.25 
54.75 
57.50 
60.00 
57.75 
72.25 
65.75 
67.26 
64.25 
TxC = NS 
NS = Non-significant 
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concentration on root length (cm) on two common cultivars of 
Catharanthus roseus L. at 150 DAP. 
Treatments (T) 
Control 
lAA 
IBA 
NAA 
BAP 
KIN 
TDZ 
GA3 
SA 
HBR 
TRIA 
Mean 
CD at 5% level 
Cultivars (C) 
'rosea' 
45.50 
68.00 
70.30 
66.50 
48.00 
53.00 
46.00 
63.50 
51.50 
58.50 
57.50 
57.12 
T = 0.07 
'alba' 
38.00 
51.50 
48.50 
47.50 
40.50 
39.50 
40.00 
45.00 
42.00 
41.50 
40.00 
43.09 
C = 0.03 
iVlCall 
41.75 
59.75 
59.41 
57.00 
44.25 
46.25 
43.00 
54.25 
46.75 
50.00 
48.75 
TxC = 0.10 
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4.1.3 Shoot fresh weight 
A significant increase in shoot fresh weight was observed by the 
treatment HBR, which gave 53.5% higher value than that of control. The effect 
of HBR was followed by KIN and SA. 
Cultivar 'rosea' increased it value by 8.7% over 'alba' in the production 
of shoot fresh weight. 
The effect of interaction was observed best in HBR x 'rosea'. It 
registered 65.6% higher value than control x 'alba', which gave the lowest 
value. The former value was followed by KIN x 'rosea' and HBR x 'alba' 
(Table 3). 
4.1.4 Root fresh weight 
Out of the various treatments, HBR gave the highest value. This 
treatment gave 89.2% higher value than the control. The effect of HBR was 
followed by TRIA and SA. 
The better performance in the production of root fresh weight was 
observed in 'rosea' in comparison to 'alba' cultivar. The former gave 
16.0%higher value than the later. 
The interaction effect was proved best by HBR x 'rosea'. However, its 
effect was at par with that of TRIA x 'rosea', SA x 'rosea', HBR x 'alba' and 
IBA X 'rosea'. Interaction HBR x 'rosea' increased root fresh weight by 
113.6% over control x 'alba' (Table 4). 
4.1.5 Shoot dry weight 
The value of shoot dry weight was found maximum given by the 
treatment HBR followed by KIN and SA. This treatment (HBR) increased 
224.5% higher value with that of control. 
Cultrivar 'rosea' registered 38.7% higher over 'alba' in the production 
of shoot dry matter. 
\-7TI Table 3. The effect of various plant growth regulators at 10" M 
concentration on shoot fresh weight (g) on two common cultivars 
of Catharanthm roseus L. at 150 DAP. 
Treatments (T) 
Control 
lAA 
IBA 
NAA 
BAP 
KIN 
TDZ 
GA3 
SA 
HBR 
TRIA 
Mean 
CD at 5% level 
Cultivars (C) 
'rosea' 
65.82 
76.54 
74.89 
78.01 
80.33 
93.56 
67.25 
69.44 
91.24 
101.55 
82.55 
80.11 
T-0.30 
'alba' 
61.31 
73.58 
71.95 
68.86 
69.02 
85.04 
63.95 
66.92 
83.24 
93.56 
73.27 
73.70 
C=0.12 
IVlCall 
63.56 
75.06 
73.42 
73.43 
74.67 
89.30 
65.60 
68.18 
87.24 
97.55 
77.91 
TxC = 0.43 
\-7T. Table 4. The effect of various plant growth regulators at 10' M 
concentration on root fresh weight (g) on two common cultivars 
of Caiharanthus roseus L. at 150 DAP. 
Treatments (T) 
Control 
lAA 
IBA 
NAA 
BAP 
KIN 
TDZ 
GA3 
SA 
HBR 
TRIA 
Mean 
CD at 5% level 
Cultivars (C) 
'rosea' 
2.82 
4.55 
4.74 
4.36 
4.64 
3.33 
2.96 
3.54 
4.93 
5.02 
4.98 
4.17 
T = 0.24 
'alba' 
2.35 
4.04 
4.23 
3.46 
3.92 
2.89 
2.68 
2.98 
4.04 
4.74 
4.22 
3.60 
C^O.IO 
Mean 
2.58 
4.29 
4.48 
3.91 
4.28 
3.11 
2.82 
3.26 
4.48 
4.88 
4.60 
TxC = 0.34 
^-7ii Table 5. The effect of various plant growth regulators at 10' M 
concentration on shoot dry weight (g) on two common cultivars 
of Caiharanthus rose us L. at 150 DAP. 
Treatments (T) 
Control 
lAA 
IBA 
NAA 
BAP 
KIN 
TDZ 
GAs 
SA 
HBR 
TRIA 
Mean 
CD at 5% level 
Cultivars (C) 
'rosea' 
15.37 
28.95 
26.61 
28.23 
31.52 
46.26 
25.82 
16.46 
44.78 
49.67 
32.25 
31.45 
T = 0.02 
'alba' 
11.23 
25.92 
15.38 
17.56 
23.26 
35.21 
16.13 
12.34 
36.13 
36.65 
19.53 
22.67 
C = 0.01 
Mean 
13.30 
27.44 
20.99 
22.89 
28.39 
40.73 
20.98 
14.40 
40.45 
43.16 
25.89 
TxC = 0.03 
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Interaction HBR x 'rosea' showed maximum value and increased by 
342.3% over control x 'alba' which gave the minimum value. This interaction 
was followed by KIN x 'rosea' and SA x 'rosea' (Table 5). 
4.1.6 Root dry weight 
The treatment HBR gave highest value. However its effect was at par 
with that of SA. The value increased by HBR was 152.9% over control that 
exhibited lowest value. 
The cuhivar 'rosea 'gave higher value than 'alba'. The value increased 
by 'rosea' was 10.0%. 
Interaction HBR x 'rosea' registered best result and increased by 
182.1% over control x 'alba' which gave the lowest value. However, the effect 
of HBR x 'rosea' was at par with that of TRIA x 'rosea', SA x 'rosea', HBR x 
alba and lAA x 'alba' , The effect of control x 'alba' was equaled by control x 
'rosea' (Table 6). 
4.1.7 Leaf area index 
The higher leaf area index was found by treatment TRIA at par with 
KIN. The poorest effect was given by GA3. TRIA increased and GA3 decreased 
the values by 7.8 and 3.4% over the control, respectively. 
The table 7 also indicates that 2.9% more leaf area index was found in 
'rosea' in comparison to 'alba'. 
The effect of interaction on this parameter was not significant. 
4.2 Physiological and biochemical parameters 
Like growth parameters, the physiological and biochemical parameters 
were also studied at 150 DAP. The effect of treatment, cultivar differences and 
their interactions were found to be significant on most of the parameters. The 
parameters studied are as follows (Table 8-15). 
i-7n Table 6. The effect of various plant growth regulators at 10' M 
concentration on root dry weight (g) on two common cultivars of 
Catharanthus roseus L. at 150 DAP. 
Treatments (T) 
Control 
lAA 
IBA 
NAA 
BAP 
KIN 
TDZ 
GA3 
SA 
HBR 
TRIA 
Mean 
CD at 5% level 
Cultivars (C) 
'rosea' 
1.08 
2.20 
2.34 
2.00 
2.15 
1.60 
1.35 
1.98 
2.50 
2.68 
2.50 
2.03 
T = 0.21 C 
'alba' 
0.95 
2.38 
1.87 
1.70 
2.05 
1.41 
1.30 
1.71 
2.25 
2.49 
2.22 
1.85 
= 0.10 
Mean 
1.02 
2.29 
2.10 
1.85 
2.10 
1.50 
1.32 
1.84 
2.37 
2.58 
2.36 
TxC = 0.30 
Table 7. The effect of various plant growth regulators at lO'^ M 
concentration on leaf area index (cm )^ on two common cultivars 
of Caiharanth us roseus L. at 150 DAP, 
Treatments (T) 
Control 
lAA 
IBA 
NAA 
BAP 
KIN 
TDZ 
GA3 
SA 
HBR 
TRIA 
Mean 
CD at 5% level 
1 
'rosea' 
18.20 
18.50 
18.70 
18.70 
18.90 
19.30 
18.30 
17.80 
19.30 
18.20 
19.80 
18.70 
T = 0.43 
Cultivars (C) 
'alba' 
17.90 
18.10 
18.20 
18.20 
18.30 
18.80 
17.90 
17.10 
18.50 
17.80 
19.10 
18.17 
C = 0.18 
Mean 
18.05 
18.30 
18.45 
18.45 
18.60 
19.05 
18.10 
17.45 
18.90 
18.00 
19.45 
TxC = NS 
NS = Non-significant 
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4.2.1 Total chlorophyll content 
The recorded value for total chlorophyll content showed that SA proved 
best and followed by KIN and HBR . However GA3 showed least effect and 
decreased the chlorophyll content by 3.6% over the control. Where SA 
exhibited 25.8% higher content than control. The values of effect of TDZ, lAA 
and IB A were at par with the effect of control. 
Cultivar 'rosea' increased the chlorophyll content by 8.0% than cultivar 
'alba'. 
Interaction GA3 x 'alba' produced the minimum value. However, its 
effect was at par with that of control x 'alba' and TDZ x 'alba'. Interaction 
SA X 'rosea' proved best in chlorophyll content in leaves and increased the 
content by 43.6% than that of control x 'alba'. The effect of former interaction 
was followed by KIN x 'rosea' and HBR x 'rosea' (Table 8). 
4.2.2 Total carotenoids content 
The effect of treatment, cultivar difference and of their interaction on 
this parameter was not significant (Table 9). 
4.2.3 Net photosynthetic rate 
Treatment KIN gave highest value where GA3 registered lowest value. 
Former increased the rate by 28.4% and GA3 decreased the rate by 1.1% over 
control. 
With regard to cultivar differences, 'rosea' gave the higher net 
photosynthetic rate over 'alba' by 3.0%. 
Interaction KIN x 'rosea' proved best among all interactions followed 
by KIN X 'alba', HBR x 'rosea' and SAx 'rosea'. It (KIN x 'rosea') registered 
32.8% increase over control x 'alba' where GA3 x 'alba' inhibited 
photosynthesis by 1.2% over the control x 'alba' (Table 10). 
X-IT, Table 8. The effect of various plant growth regulators at 10" M 
concentration on total chlorophyll content (mg g'* FW) on two 
common cultivars of Caiharanthus roseus L. at 150 DAP. 
Treatments (T) 
Control 
lAA 
IBA 
NAA 
BAP 
KIN 
TDZ 
GAS 
SA 
HBR 
TRIA 
Mean 
CD at 5% level 
Cultivars (C) 
'rosea' 
1.019 
1.005 
1.012 
1.051 
1.068 
1.158 
1.020 
0.970 
1.320 
1.142 
1.090 
1.078 
T = 0.027 
'alba' 
0.919 
0.938 
0.942 
0.950 
0.972 
1.135 
0.921 
0.898 
1.118 
1.121 
1.062 
0.998 
C = 0.012 
Mean 
0.969 
0.972 
0.977 
1.001 
1.020 
1.147 
0.971 
0.934 
1.219 
1.132 
1.076 
TxC = 0.038 
Table 9. The effect of various plant growth regulators at 10' M 
concentration on total carotenoids content (mg g'' FW) on two 
common cultivars of Caiharanthus roseus L. at 150 DAP. 
Treatments (T) 
Control 
lAA 
IBA 
NAA 
BAP 
KIN 
TDZ 
GA3 
SA 
HBR 
TRIA 
Mean 
CD at 5% level 
'rosea' 
0.193 
0.196 
0.198 
0.197 
0.203 
0.228 
0.194 
0.187 
0.214 
0.220 
0.201 
0.203 
T = NS 
Cultivars (C) 
'alba' 
0.192 
0.195 
0.198 
0.196 
0.201 
0.225 
0.193 
0.183 
0.211 
0.217 
0.199 
0.201 
C = NS 
Mean 
0.193 
0.195 
0.198 
0.196 
0.202 
0.226 
0.193 
0.185 
0.213 
0.219 
0.200 
TxC = NS 
NS = Non-significant 
Table 10. The effect of various plant growth regulators at lO'^ M 
concentration on net photosynthetic rate [mol CO2 kg' leaf 
(FW)s'*] on two common cultivars of Catharanthus roseus L. at 
150 DAP. 
Treatments (T) 
Control 
lAA 
IBA 
NAA 
BAP 
KIN 
TDZ 
GA3 
SA 
HBR 
TRIA 
Mean 
CD at 5% level 
Cultivars (C) 
'rosea' 
12.98 
13.55 
13.60 
13.98 
14.66 
16.63 
13.25 
12.85 
15.98 
16.10 
15.94 
14.50 
T = 0.01 
'alba' 
12.52 
13.12 
13.18 
13.67 
14.15 
16.11 
12.78 
12.37 
15.62 
15.78 
15.60 
14.08 
C = 0.01 
Mean 
12.75 
13.36 
13.39 
13.83 
14.41 
16.37 
13.02 
12.61 
15.80 
15.94 
15.76 
TxC^O.Ol 
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4.2.4 Carbonic anhydrase activity 
Table 11 indicates that, treatment HBR proved best in carbonic 
anhydrase activity. The value increased by this treatment HBR was 7.8% over 
the control. 
Between cultivars, 'rosea' excelled for the enzyme activity. It exhibited 
4.7% higher carbonic anhydrase activity than 'alba'. 
Interaction HBR x 'rosea' gave highest value of CA activity among all 
interactions. This was followed by SAx 'rosea' and KIN x 'rosea'. HBR x 
'rosea' increased the enzyme activity by 13.1% over control x 'alba' which 
gave the lowest value. 
4.2.5 Nitrate reductase activity 
The nitrate reductase activity among the treatments, found maximum by 
HBR followed by KIN . The treatment generated 36.6% higher value than that 
of control. 
Cultivar 'rosea' gave 1.1% increase than the 'alba' cultivar. 
Of the interactions, HBR x 'rosea' showed best response in the 
reduction of nitrate molecules followed by HBRx 'alba', KIN x 'rosea' and 
KINx 'alba'. HBR x 'rosea' increased the enzyme activity by 37,9% over 
control X 'alba' which gave the lowest value (Table 12). 
4.2.6 Leaf-nitrogen content 
Treatment GA3 gave highest value for this parameter followed by TRIA 
and HBR. The treatment registered 48.6% higher value than control. 
Leaf-nitrogen content was found higher in 'rosea' than that of 'alba'. 
Cultivar 'rosea' increased by 18.6% than 'alba'. 
Interaction GA3 x 'rosea' was observed to produce maximum leaf 
nitrogen content followed by TRIAx 'rosea' and GA3 x'alba'. The value 
increased by GA3 x 'rosea' over control x 'alba' was 76.4% (Table 13). 
^-7T, Table 11. The effect of various plant growth regulators at 10' M 
concentration on carbonic anhydrase activity [mol (CO2) kg' 
(FW) S"^ ] on two common cultivars of Catharanthus roseus L, 
at 150 DAP. 
Treatments (T) 
Control 
lAA 
IBA 
NAA 
BAP 
KIN 
TDZ 
GA3 
SA 
HBR 
TRIA 
Mean 
CD at 5% level 
Cultivars (C) 
'rosea' 
5.37 
5.39 
5.46 
5.41 
5.50 
5.65 
5.45 
5.48 
5.71 
5.80 
5.53 
5.52 
T = 0.01 C 
'alba' 
5.13 
5.20 
5.23 
5.17 
5.25 
5.31 
5.15 
5.30 
5.46 
5.53 
5.27 
5.27 
= 0.01 
Mean 
5.25 
5.29 
5.34 
5.29 
5.37 
5.48 
5.30 
5.39 
5.58 
5.66 
5.40 
TxC = 0.01 
^-7TI Table 12, The effect of various plant growth regulators at 10" M 
eoncentration on nitrate reductase activity [nM NO2" g"' (FW) 
h"*] on two common cultivars of Catharanthus roseus L. at 150 
DAP. 
Treatments (T) 
Control 
lAA 
IBA 
NAA 
BAP 
KIN 
TDZ 
GA3 
SA 
HBR 
TRIA 
Mean 
CD at 5% level 
Cultivars (C) 
'rosea' 'alba' 
207.3 207.1 
215.6 213.3 
214.4 211.1 
211.4 207.4 
235.1 230.2 
278.9 272.4 
265.2 263.6 
250.5 248.2 
230.4 233.3 
285.6 280.4 
228.9 227.2 
238.5 235.8 
T=1.5 C = 0.6 
Mean 
207.2 
214.5 
212.8 
209.8 
232.7 
275.7 
264.4 
249.4 
231.8 
283.0 
228.0 
TxC = 2.1 
i,-7ii Table 13. The effect of various plant growth regulators at 10" M 
concentration on leaf-nitrogen content (%) on two common 
cultivars of Catharanthus roseus L. at 150 DAP. 
Treatments (T) 
Control 
lAA 
IBA 
NAA 
BAP 
KIN 
TDZ 
GA3 
SA 
HBR 
TRIA 
Mean 
CD at 5% level 
Cultivars (C) 
'rosea' 
2.916 
3.004 
3.115 
3.030 
2.996 
2.927 
2.938 
3.913 
3.135 
3.413 
3.802 
3.199 
T = 0.005 
'alba' 
2.218 
2.356 
2.480 
2.359 
2.257 
2.243 
2.291 
3.715 
3.013 
3.215 
3.519 
2.697 
C = 0.002 
Mean 
2.567 
2.680 
2.979 
2.695 
2.627 
2.585 
2.614 
3.814 
3.074 
3.314 
3.661 
TxC = 0.007 
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4.2.7 Leaf phosphorus content 
The effect of treatment, cultivar difference and of their interactions on 
this parameter was not significant (Table 14). 
4.2.8. Leaf potassium content 
Table 15 indicates that, treatment GA3 gave highest value on this 
parameter followed by HBR and SA. Treatment GA3 gave 21.4% higher value 
than the control that exhibited minimum value. 
The leaf-potassium content was found higher in 'rosea' in comparison to 
'alba'. Cultivar 'rosea' gave 15.1% higher value than 'alba'. 
Interaction GA3 x 'rosea' proved best and registered 40.1% higher value 
than control x 'alba' which gave the lowest value. The effect of GA3 x 'rosea' 
was followed by HBR x 'rosea', TRIA x 'rosea' and GA3 x'alba' (Table 15). 
4.3 Yield and quality parameters 
The effect of treatments and cultivar differences alone as well as in 
combination were found significant on most of the yield and quality 
parameters. The details are as follows (Table 16-21). 
4.3.1 Number of pods per plant 
Regarding effects of treatments, TRIA gave the maximum number of 
pods per plant followed by HBR and SA. Treatment TRIA registered 19.2% 
more pods per plant than the control. However GA3 reduced the value by 4.5% 
over control on this parameter. 
Cultivar 'rosea' gave 0.9% more pods per plant than 'alba'. 
Among interactions, TRIA x 'rosea' excelled in number of pods per 
plant that was followed by TRIAx 'alba' and HBR x 'rosea'. TRIA x 'rosea' 
gave 21.8% higher value over control x 'alba'. Surprisingly, GA3 x 'alba' gave 
3.5% lower value than that of control x 'alba' (Table 16). 
Table 14. The effect of various plant growth regulators at lO^M 
concentration on leaf-phosphorus content (%) on two common 
cultivars of Catharanthus roseus L. at 150 DAP. 
Treatments (T) 
Control 
lAA 
IBA 
NAA 
BAP 
KIN 
TDZ 
GA3 
SA 
HBR 
TRIA 
Mean 
CD at 5% level 
'rosea' 
0.325 
0.409 
0.402 
0.370 
0.381 
0.413 
0.339 
0.489 
0.426 
0.473 
0.411 
0.404 
T = NS 
Cultivars (C) 
'alba' 
0.313 
0.381 
0.370 
0.350 
0.362 
0.399 
0.324 
0.461 
0.413 
0.442 
0.400 
0.383 
C = NS 
Mean 
0.319 
0.395 
0.386 
0.360 
0.372 
0.406 
0.332 
0.475 
0.419 
0.458 
0.406 
TxC = NS 
NS = Non-significant 
Table 15. The effect of various plant growth regulators at lO'^ M 
concentration on leaf-potassium content (%) on two common 
cultivars of Catharanthus rose us L. at 150 DAP. 
Treatments (T) 
Control 
lAA 
IBA 
NAA 
BAP 
KIN 
TDZ 
GA3 
SA 
HBR 
TRIA 
Mean 
CD at 5% level 
Cultivars (C) 
'rosea' 
3.531 
3.855 
3.593 
3.678 
3.693 
3.705 
3.571 
4.234 
3.712 
4.025 
3.952 
3.777 
T = 0.003 
'alba' 
3.023 
3.336 
3.147 
3.171 
3.181 
3.201 
3.111 
3.721 
3.280 
3.536 
3.411 
3.283 
C = 0.001 
Mean 
3.277 
3.595 
3.370 
3.425 
3.437 
3.453 
3.341 
3.987 
3.496 
3.781 
3.682 
TxC = 0.005 
^-7ii Table 16. The effect of various plant growth regulators at 10 M 
concentration on number of pods per plant on two common 
cultivars of Catharanthus rosem L. at 210 DAP, 
Treatments 
Control 
lAA 
IBA 
NAA 
BAP 
KIN 
TDZ 
GA3 
SA 
HBR 
TRIA 
Mean 
(T) 
CD at 5% level 
'rosea' 
90.0 
93.0 
94.0 
96.0 
96.0 
97.0 
98.0 
85.0 
103.0 
103.0 
106.0 
96.5 
T = 0.1 
Cultivars (C) 
'alba' 
87.0 
94.0 
94.0 
95.0 
96.0 
96.0 
98.0 
84.0 
101.0 
102.0 
105.0 
95.7 
C = 0.1 
Mean 
88.5 
93.5 
94.0 
95.0 
96.0 
96.5 
98.0 
84.5 
102.0 
102.5 
105.5 
TxC = 0.2 
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4.3.2 Seed number per pod 
Of treatments, BAP, equaled by TRIA, HBR, NAA, SA and KIN gave 
maximum seeds per pod. Treatment BAP produced 10.9% more seeds per pod 
than the control. 
Cultivar differences and their interaction (treatment x cultivar) effect 
were found not significant (Table 17). 
4.3.3 100-seed weight 
Treatment effect and cultivar differences as well as their interaction on 
this parameter were found not significant (Table 18). 
4.3.4 Seed yield per plant 
Treatment TRIA gave maximum seed yield followed by HBR and BAP. 
TRIA registered 39.9% higher seed yield than the control.The effect of control 
was at par with that of GA3 
Cultivar 'rosea' gave maximum seed yield per plant. It gave 8.7% higher 
value than 'alba'. 
Among interaction treatments, HBR x 'rosea' gave maximum value. 
However its effect was at par with that of TRIA x 'rosea'. Interaction HBR x 
'rosea' gave 55.2% higher seed yield than control x 'alba' which was at par 
with GA3 X 'alba' (Table 19). 
4.3.5 Total alkaloid content in leaves 
Of treatments, GA3 gave highest alkaloid content in dried leaves. It 
increased 28.6% higher alkaloid content than control. Effect of GA3 was 
followed by HBR, SA and TRIA. 
Cultivar 'rosea' was more effective to synthesize alkaloids than 'alba'. 
The value recorded to increase was 6.4% over 'alba'. 
Interaction GA3 x 'rosea' proved best and gave 36.8% higher alkaloid 
content than control x 'alba' which exhibited the lowest content. GA3 x 'rosea' 
was followed by HBRx 'rosea', GA3 x 'alba' and SA x 'rosea' (Table 20). 
Table 17. The effect of various plant growth regulators at 10" M 
concentration on seed number per pod on two common 
cultivars of Ca^ Aara«<A MS roseus h. at 210 DAP. 
Treatments (T) 
Control 
lAA 
IBA 
NAA 
BAP 
KIN 
TDZ 
GA3 
SA 
HBR 
TRIA 
Mean 
CD at 5% level 
Cultivars (C) 
'rosea' 
18.67 
19.34 
19.34 
20.00 
20.67 
20.00 
19.34 
19.34 
20.00 
20.00 
20.20 
19.70 
T = 0.78 
'alba' 
18.00 
18.67 
19.34 
20.00 
20.00 
19.34 
19.34 
19.34 
19.39 
20.00 
20.00 
19.39 
C=NS 
iVlCall 
18.34 
19.00 
19.34 
20.00 
20.34 
19.67 
19.34 
19.34 
19.67 
20.00 
20.00 
TxC = NS 
NS = Non-significant 
Table 18. The effect of various plant growth regulators at lO'^ M 
concentration on 100-seed weight (g) on two common cultivars 
of Catharanthus roseus L. at 210 DAP. 
Treatments (T) 
Control 
lAA 
IBA 
NAA 
BAP 
KIN 
TDZ 
GA3 
SA 
HBR 
TRIA 
Mean 
CD at 5% level 
Cultivars (C) 
'rosea' 
1.15 
1.19 
1.20 
1.20 
1.28 
1.22 
1.21 
1.13 
1.23 
1.25 
1.21 
1.21 
T = NS C 
'alba' 
1.06 
1.09 
1.12 
1.12 
1.20 
1.15 
1.15 
1.03 
1.16 
1.18 
1.17 
1.16 
;=Ns 
Mean 
1.11 
1.14 
1.16 
1.16 
1.24 
1.19 
1.18 
1.08 
1.11 
1.26 
1.19 
TxC = NS 
NS = Non-significant 
Table 19. The effect of various plant growth regulators at lO'^ M 
concentration on seed yield per plant (g) on two common 
cultivars of Catharanihus roseus L. at 210 DAP. 
Treatments (T) 
Control 
lAA 
IBA 
NAA 
BAP 
KIN 
TDZ 
GA3 
SA 
HBR 
TRIA 
Mean 
CD at 5% level 
Cultivars (C) 
'rosea' 
19.32 
21.43 
22.17 
23.16 
25.39 
23.66 
22.96 
18.60 
25.33 
25.75 
25.65 
23.04 
T = 0.22 
'alba' 
16.59 
19.12 
20.39 
22.80 
23.16 
21.38 
21.82 
16.92 
22.69 
23.74 
24.57 
21.20 
C = 0.09 
Mean 
17.95 
20.27 
21.28 
22.98 
24.27 
22.52 
22.39 
17.65 
24.01 
24.74 
25.11 
TxC = 0.31 
i-7n Table 20. The effect of various plant growth regulators at 10" M 
concentration on total alkaloid content in dried leaves (%) on 
two common cultivars of Catharanthus roseus L. at 150 DAP. 
Treatments (T) 
Control 
lAA 
IBA 
NAA 
BAP 
KIN 
TDZ 
GA3 
SA 
HBR 
TRIA 
Mean 
CD at 5% level 
Cultivars (C) 
'rosea' 
0.72 
0.78 
0.76 
0.75 
0.73 
0.80 
0.74 
0.93 
0.83 
0.89 
0.81 
0.79 
1 = 0.01 C 
'alba' 
0.68 
0.73 
0.72 
0.70 
0.68 
0.75 
0.69 
0.87 
0.80 
0.82 
0.77 
0.75 
= 0.01 
Mean 
0.70 
0.75 
0.74 
0.72 
0.70 
0.77 
0.71 
0.90 
0.81 
0.85 
0.79 
TxC = 0.01 
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4.3.6 Total alkaloid content in roots 
Here also, treatment GA3 gave highest value. Treatment GA3 registered 
13.8% more alkaloid content than the control. This effect was followed by 
HBR , KIN and TRIA. 
Cultivar 'rosea' produced higher alkaloid content and gave 3.4% more 
alkaloid than 'alba' cultivar. 
Maximum alkaloid content was registered with interaction GA3 x 'rosea', 
however its effect was at par with that of GA3 x 'alba'. Interaction GA3 x 
'rosea' produced 17.3% more alkaloid than control x 'alba' (Table 21). 
^-7ii Table 21. The effect of various plant growth regulators at 10" M 
concentration on total alkaloid content in dried roots (%) on 
two common cultivars of Catharanthus roseus L. at 150 DAP. 
Treatments (T) 
Control 
lAA 
IBA 
NAA 
BAP 
KIN 
TDZ 
GA3 
SA 
HBR 
TRIA 
Mean 
CD at 5% level 
Cultivars (C) 
'rosea' 
1.63 
1.72 
1.70 
1.68 
1.65 
1.75 
1.66 
1.83 
1.74 
1.77 
1.73 
1.75 
T = 0.04 
'alba' 
1.56 
1.68 
1.69 
1.60 
1.59 
1.69 
1.59 
1.79 
1.68 
1.71 
1.67 
1.66 
C = 0.02 
Mean 
1.59 
1.70 
1.69 
1.64 
1.62 
1.72 
1.63 
1.81 
1.71 
1.74 
1.70 
TxC = 0.07 
Discussion 
CHAPTER 5 
DISCUSSION 
The difference in performance in cultivars of periwinkle could be 
ascribed to the variation in their genetic makeup. The cultivar variations in 
respect of different parameters have earlier been reported (Virk et al., 1989; 
Singh et al., 1992; Mishra et al, 2001; Choudhary and Gupta, 2002). Cultivar 
variations in Catharanthus roseus L. on the basis of their morphological traits 
and in the alkaloid contents that are regulated primarily at the level of gene 
expression, which is again controlled by the expression of transcription factors 
was observed by Endt et al. (2002) and Datta et al.( 2005). 
The genetic potential of the plants is realized to a great extent by the 
recognized group of chemicals called phytohormones or plant growth 
regulators. They get involved through the modification of transcription, 
translation and/or differential sensitivity of the tissue. Fim (1986) has, 
therefore, suggested that the hormone induced response largely depends on the 
physiological state of the plant. 
Nitrate reducing power of the plant is one of the important factors 
determining growth. However, the process of nitrate reduction is directly or 
indirectly dependent on the metabolic sensors and/or signal transducers 
(Campbell, 1999). The level of the enzyme is dependent on a number of 
factors, homed within or outside the plants. One of the major regulatory factor, 
determining the activity of NR, is the level of phytohormones/^er se or that of 
the ones added from outside (Prakash and Kapoor, 1984; Khan et al., 1996; 
Ahmad et al., 2001). Brassinosteroids, like other plant growth regulators, act as 
higher inducer of NR activity (Mai et al., 1989; Singh et al., 1993; Hayat et al., 
2001). The present observation (Table 12) is very much comparable with the 
earlier findings conducted in this regard. Here the leaves of Catharanthus 
roseus L. treated with various PGRs, possessed greater NR activity compared 
to control. 
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The level of major electrolyte nitrogen, was affected significantly by 
growth hormones like lAA, IB A, etc, (Nandwal et al, 1981; Basak et ai, 
1995). GA3 highly affected N and K uptake ( Table 13, 15) is in the agreement 
with the findings of Stefano et al. (1998), Luis and Guardiola (1981) and 
Hegazi era/. (1995). 
The other enzyme, carbonic anhydrase (CA) which catalyzes the 
reversible hydration of CO2 and maintains its constant supply to RuBP Case at 
the level of the grana of the chloroplast (Majeau and Coleman, 1994; Price et 
al., 1994). Moreover, CA is also known to be involved in photosynthetic 
electron transport system (Stemler, 1997) and in maintaining chloroplast pH 
during rapid changes in light intensity (Reed and Graham, 1981). The observed 
elevation in the activity of CA (Table 11) by different plant growth regulators, 
specially by HBR, is in the agreement with others (Sugiharto et al., 1992; Khan 
et al., 1996; Ahmad et al, 2001; Fariduddin et al, 2004). Besides, BR also 
involves in transcription and/or translation in generating an impact on the 
activity of CA (Okabe et al, 1980). 
Van staden et al. (1988) proposed that cytokinins boosted the general 
metabolism of the chloroplast through their action on the related processes 
operative at the level of the nucleus and/or cytoplasm, facilitating an increase 
in chloroplast DNA, rate of protein synthesis in the chloroplast, maintaining 
sufficient pigment level and promotes grana formation. Therefore, leaves of the 
plants supplemented with cytokinins possessed a great quantity of chlorophyll 
compared to those sprayed with other plant growth regulators. The application 
of SA and HBR generated a level of leaf chlorophyll that was comparable to 
that produced by the application of KEST (Table 8). The effect of SA (Khan et 
al, 2003; Khodary, 2004) and HBR (Kaur, 1997; Hayat et al, 2000) have also 
been reported earlier. This improved metabolic state of the treated leaves was 
further reflected in the observed increase in the net photosynthetic rate (PN) of 
the leaves (Table 10). Here, the treatment KIN proved to be more effective in 
comparison to SA and HBR. Kinetin induced activation of gene expression, an 
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increase in the rate of gene specific transcription and/or an increase in the CA 
mRNA stability was the findings of Sugiharto and Sugiyama (1992). 
Furthermore, the KIN implicated environmental responses of plants, including 
leaf senescence, chloroplast biogenesis, leaf area expansion and dry matter 
production was observed by Faiss et al. (1997), Hutchinson and Kieber (2002) 
and Shah (2007). 
The leaves of the treated plants possessed a greater surface area (Table 
7) which could presumably be due to cell division and cell enlargement 
induced by the application of TRIA, KIN, HBR and auxins (Eriksen et al., 
1981; Nakajima et al, 1996; Arteca, 1997; Clouse and Sasse, 1998). It was 
further supported by findings of Sairam (1994), Diz et al. (1995) and Khan et 
al. (1996) where the hormonal treatments increased leaf area. Moreover, the 
sprayed leaves also exhibited a higher state of metabolic activity. It was evident 
by the elevated level of net photosynthetic rate that might positively contribute 
to the enhanced leaf area and plant dry mass production. The superior dry 
and/or fresh mass of plant shoot and root in response to plant growth regulators 
treatment could be due to the cumulative effect of enhanced values of various 
growth parameters. In present growth observations (Table 3-6), the effect of 
HBR was best among all treatments. Brassinosteroids (BRs) are now 
recognized as an essential regulator of plant growth and development (Li and 
Chory, 1999) because, their exogenous application restored the normal growth 
in BR deficit mutant of Arab idops is (Altman, 1999). The role of BRs in plant 
growth, and the interaction of BRs with other growth hormones have also been 
observed earlier (Fujioka and Yokota, 2003; Nomura and Bishop, 2006; Li and 
Jin, 2007). The two auxins (lAA and IBA) proved their superiority, over GA3 
in root enlargement (Table 1, 2). It may be because of many reasons, including 
the direct involvement of the auxins in cell division and their elongation 
(Nandwal and Bharti, 1982; Haque, 1989) and/or increased water uptake 
(Martin and Northcote,1982). In the present study, the root length was favoured 
by the auxins, whereas, GA3 increased shoot length. This is in agreement 
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with the observations reported earlier regarding several crops (Mishirky et ai, 
1990; Rehman et ai, 1994, Dhankar and Singh, 1996; Wynne and Mc Donald, 
2002; Tian, 2008). 
Significant increases in pod number, seed per pod and seed yield were 
observed in plants exposed to various plant growth regulators. Improved yield 
of several important food crops due to TRIA application has been reported by 
other workers also (Ries, 1985; Kawashima et al., 1987; Kumaravelu et al., 
2000; Khan et al., 2006; Khan et al. 2007). The abortion of flowers and pods is 
one of the important determining factors of plant productivity, where 
cytokinins are implicated to rescue them from pre-mature fall (Reese et al., 
1995; Nagel et al., 2001). The ameliorative effect of cytokinins is, therefore, 
expected that resulted in increased seed and pod number (Table 16, 17). In the 
present study, the effect of TRIA application improved the values of yield 
parameters could have been on comparable lines with that of BAP (Table 16-
19). Moreover, higher rate of photosynthesis in the treated leaves ensured 
regular supply of photosynthates, at an elevated level and availability of more 
and more organic nitrogen and high protein level provided additional support to 
the belief that the metabolic state of the leaf is one of the important parameters 
to evaluate the biological yield (Sairam, 1994). 
The biomass production and the accumulation of alkaloids are entirely 
separate metabolic processes. The biomass production depends on 
photosynthetic efficiency and/or other factors. The regarding parameters were 
inhibited by GA3 treatment in the present study (Table 3, 5, 7, 8, 10). 
Interestingly, in the same study GA3 proved best among PGRs for highest 
alkaloid accumulation in leaves and roots (Table 20, 21). The same 
finding was also reported by Srivastava and Srivastava (2007). Distribution and 
accumulation of alkaloid content in plant parts in Catharanthus roseus vary in 
roots, stems, and leaves (Misra and Kumar, 2000). There is an imperative 
associator between inter-organs assimilates transport, particularly shoot and 
root partitioning of metabolites, and biomass production (Walch-Liu et al, 
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2005). How distribution of these metabolites influences alkaloid production by 
providing organ specific precursor remains to be elucidated (Verpoorte et al., 
1997, 1999). A number of sugar, amino acid, and organic acids may act as 
signals for alkaloid production and possibly biotransformations (Aerts et al., 
1996). 
Conclusions 
The present study revealed: 
(I) The cultivar 'rosea' gave better response than the cultivar 'alba' to the 
application of aqueous solution of plant growth regulators. 
(ii) Among PGRs, the treatment HBR proved optimum for the production of 
plant matter. Incomparably, KIN, SA and HBR exhibited a vital 
influence on most of the physiological and biological parameters. 
(iii) Triacontanol (TRIA) proved superior in its effect compared to BAP and 
other growth hormones for better yield. Whereas, GA3 treated plants 
gave best response regarding alkaloid production. 
(iv) Hence, on the basis of present observations, interaction HBR x 'rosea' 
and GA3 X 'rosea' were optimum to produce maximum plant biomass 
and total alkaloid content. 
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Appendix 
APPENDIX 
1. Chlorophyll content determination 
1.1 80% acetone 
80 mL of acetone was mixed in 20 mL of DDW. 
2. Nitrate reductase activity 
2.1 0.1 M Phosphate buffer (7.4 pH) 
27.2 g of KH2PO4 and 45.63g of K2HPO4 7H2O were dissolved 
separately in 1000 mL of DDW. The above solutions of KH2PO4 and 
K2HPO4.7H2O were mixed in the ratio 16:84. 
2.2 0.2M KNO3 
20.2 g of KNO3 was dissolved in sufficient DDW and final volume 
was made upto 1000 mL, using DDW. 
2.3 5% Isopropanol 
5 mL of isopropanol was pipetted into sufficient DDW and final 
volume was made upto the mark using DDW. 
2.4 1% sulphanilamide 
1 g of sulphanilamide was dissolved in 100 mL of 3N HCl. 3N HCl 
was prepared by dissolving 25.86 mL of HCl in sufficient DDW and final 
volume was maintained to 100 mL, by using DDW. 
2.5 0.02% N-1 nephthyl-ethylene diamine, dihydrochloride (NED-HCl) 
20 mg of NED-HCl was dissolved in sufficient DDW and final volume 
was made upto 100 mL, by using DDW. 
3. Carbonic anhydrase activity (Reagents) 
3.1 0.2 M aqueous cystine solution 
48g of cystine was dissolved in 1000 mL of DDW. 
3.2 Phosphate buffer (pH 6.8) 
5.365g of Na2HP04 and 2.78g of NaH2P04.2H20 were dissolved 
separately in 100 mL of DDW. The above solution of Na2HP04 and 
NaH2P04.2H20 were mixed in the ratio 49:51. 
3.3 Sodium bicarbonate solution (0.2M) 
16.8g sodium bicarbonate was dissolved in sodium hydroxide solution 
(0.8g NaOH/L) and final volume was maintained upto 1000 mL with sodium 
hydroxide solution. 
3.4 0.002% bromothymol blue 
0.002g of bromothymol blue was dissolved in sufficient DDW and 
final volume was made upto 100 mL using DDW. 
3.5 0.05N hydrochloric acid 
4.3 ml pure hydrochloric acid was mixed with 5.7 mL DDW. 
3.6 Methyl red 
Pinch of methyl red was dissolved in sufficient ethanol and final 
volume was made 100 mL using ethanol. 
4. Nitrogen, phosphorus and potassium estimation 
4.1 Sodium hydroxide solution (2.5N) 
lOOg sodium hydroxide was dissolved in sufficient DDW and final 
volume was maintained upto 1000 mL with DDW. 
4.2 Sodium silicate solution (10%) 
lOg sodium silicate was dissolved in sufficient DDW and final volume 
was made upto 100 mL with DDW. 
4.3 Nessler's reagent 
3.5 g potassium iodide was dissolved in 100 mL DDW in which 4% 
mercuric chloride was added with stirring until a slide red precipitate remains, 
then 120 g NaOH was mixed with 250 mL DDW. The mixture was kept in an 
amber coloured bottle. 
4.4 Molybdic acid 
6.25g ammonium molybdate was dissolve in 175 mL ION H2SO4. 
4.5 Aminonephthol sulphonic acid 
500 mg l-amino-2-naphthal-4-sulphonic acid was dissolved in 195 mL 
of 5% sodium bisulphate to which 5 mL of 20% sodium sulphite solution was 
added. The solution was kept in an amber coloured bottle. 
4.6 Sulphuric acid (10 N) 
27.2 mL sulphuric acid was mixed with 72.8 mL DDW. 
